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Summary: This article gives an overview about the activities of the Leipzig Institute 
of Meteorology (LIM) within the HALO (High Altitude and Long Range Aircraft) 
Scientific Priority Program (SPP 1294 funded by DFG). HALO offers unique 
possibilities for atmospheric research and Earth observations. It can carry a scientific 
payload of up to 3 t, cover a range of 10000 km and reach a ceiling of 15 km. The LIM 
contributes to the instrumentation of HALO with the Spectral Modular Airborne 
Radiation measurement sysTem (SMART). SMART was deployed during the first 
HALO mission TECHNO in 2010. During subsequent five HALO campaigns SMART 
measurements provided valuable insights regarding cloud properties and the Earth’s 
radiative budget. Three further missions, which are scheduled for the coming years, 
will make use of SMART measurements as well. 
 
Zusammenfassung: Dieser Bericht gibt einen Überblick über die Aktivitäten des 
Leipziger Instituts für Meteorologie (LIM) im HALO Schwerpunktprogramm (SPP 
1294 der DFG). HALO bietet einzigartige Möglichkeiten für die 
Atmosphärenforschung und Erdbeobachtung. Es kann eine wissenschaftliche Nutzlast 
von 3 t aufnehmen, eine Reichweite von 10000 km zurücklegen und eine maximale 
Flughöhe von 15 km erreichen. Das LIM trägt zur Instrumentierung von HALO mit 
dem Spectral Modular Airborne Radiation measurement sysTem (SMART) bei. 
SMART wurde 2010 bei der ersten HALO Mission TECHNO eingesetzt. In fünf 
folgenden HALO Kampagnen verschafften SMART Messungen wertvolle 
Erkenntnisse bezüglich Wolkeneigenschaften und dem Strahlungsbudget der Erde. 
Drei weitere HALO Missionen, die für die kommenden Jahre geplant sind, werden 
ebenfalls SMART nutzen. 
 
 
1. Introduction 
 
HALO is based on a commercial business jet, a Gulfstream G550. Due to numerous 
modifications, HALO is capable to accommodate multiple in situ and remote sensing 
instruments. With a scientific payload of 3 t, a range of 10,000 km and a ceiling of    
15 km HALO offers unique possibilities for atmospheric and geophysical research as 
these features in combination are not met by many other research aircraft in Europe. 
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Fig. 1: The HALO research aircraft. 
 
HALO was purchased with a joint investment of German Ministry of Science and 
Education, the Helmholtz Association and the Max-Planck-Gesellschaft. The annual 
standby costs for HALO are funded by a consortium, currently consisting of the 
German Research Foundation (DFG), German Aerospace Center (DLR), Max Planck 
Society (MPG), Karlsruhe Institute of Technology (KIT), Research Center Jülich 
(FZJ), German Research Center for Geosciences (GFZ), and Leibniz Institute for 
Tropospheric Research (Tropos). The largest share is covered by the DFG, with almost 
one third of the total budget. 
 
The participation of universities to the HALO project is funded via a Scientific Priority 
Program (SPP 1294) by the DFG. This program is coordinated by the universities of 
Leipzig, Frankfurt and Dresden. 
 
 
2. The Spectral Modular Airborne Radiation measurement sysTem (SMART) 
 
In the HALO campaigns described below, the Leipzig Institute of Meteorology 
contributed to the instrumentation of HALO with the Spectral Modular Airborne 
Radiation measurement sysTem (SMART, Wendisch et al., 2001). It measures upward 
and downward spectral irradiances and upward radiances in the spectral range from 
0.3 to 2.2 μm. The received radiation is transmitted via optical fibers to a set of 
spectrometers. Between 0.3 to 1.0 μm the spectrometers have a spectral resolution 
(Full Width at Half Maximum, FWHM) of 2-3 μm. Both, the upper as well as the 
lower sensor package, are equipped with an active horizontal stabilization unit keeping 
the sensor head in a strict horizontal position during flight. Thus, irradiances can be 
measured with high accuracy. 
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SMART measurements can be used to retrieve cloud optical and microphysical 
properties such as the cloud particle effective diameter, the cloud optical thickness and 
thermodynamic phase (Ehrlich et al., 2008). These properties are crucial for accessing 
the radiative forcing of clouds and thus Earth’s energy budget. 
Furthermore, the spectral measurement of the irradiance can be used to determine the 
cloud top and surface albedo. 
 
 
3. Previous HALO Campaigns 
3.1 HALO-TECHNO 
 
SMART was employed on HALO in the frame of the HALO TECHNO mission 
(HALO Technical Mission) conducted in 2010. TECHNO was the first HALO mission 
to try the capabilities of the new aircraft. From the data collected during the TECHNO 
mission the LIM investigated the influence of the surface albedo variability on the 
retrieval of cirrus optical thickness and particle size (Fricke et al., 2014). For this 
analysis the SMART measurements were used together with the data of the WALES 
(Water vapor Lidar Experiment in Space) lidar instrument, which was onboard HALO 
as well (Groß et al., 2014). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Sensors for SMART on top (left) and bottom (right) of HALO 
 
 
3.2 ML-CIRRUS 
 
ML-CIRRUS (Formation, Lifetime, Properties and Radiative Impact of 
Mid-Latitude Cirrus Clouds) was performed in March and April 2014. The campaign 
took place over Europe and the North Atlantic. Ice clouds in altitudes between 7 and 
13.5 km were analyzed with respect to their formation, lifecycle, and radiative effects 
(Voigt et al., 2017). A particular emphasis was put on the differences between 
naturally developing cirrus and contrail cirrus produced by aircraft. This research is 
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motivated by the importance of the anthropogenic influence of contrail cirrus on 
Earth’s radiative budget. 
 
Remote sensing and radiative energy budget instruments were used in synergy with a 
set of in situ cloud particle instruments. On the one hand, nine different cloud particle 
probes were deployed in combination with in situ instruments using aerosol inlets. 
Thus, the particle size spectrum could be accessed from nucleated aerosol particles to 
large ice crystals. 
Contrail cirrus showed an increased number concentration of small ice particles with 
diameters of less than 30 µm. This leads to a higher optical depths compared to natural 
cirrus clouds. 
 
Fig. 3: Inlets on top side of HALO (left) and PMS-carriers below the wings (right) 
 
 
On the other hand, cirrus clouds were probed with remote sensing instruments. 
SMART measurements were combined with measurements of the mini-DOAS to 
demonstrate the potential of radiation measurements in limb direction to characterize 
thin cirrus clouds (Wolf et al., 2017). This study showed that limb observations have a 
higher sensitivity for cloud optical thickness compared to nadir observations and are 
less effected by the surface albedo. Therefore, also subvisible cirrus can be detected by 
such measurements. For a case study, a general agreement between the independent 
observations by SMART, WALES and mini-DOAS was found. Differences were 
mainly caused by the different observation geometries. 
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Fig. 4 Particle size distribution of a contrail cirrus (blue) compared with the 
neighboring natural cirrus (black). Contrail cirrus clouds contain higher number 
densities of small ice crystals compared to natural cirrus. The figure is taken from 
Voigt et al. 2017. 
 
 
 
3.3 ACRIDICON-CHUVA 
 
The HALO mission ACRIDICON (Aerosol, Cloud, Precipitation and Radiation 
Interactions and Dynamics of Convective Clouds) took place in Brazil in September 
and October 2014. It was performed in cooperation with numerous Brazilian partners 
from the CHUVA (Cloud Processes of the Main Precipitation Systems in Brazil: A 
Contribution to Cloud Resolving Modeling and to the GPM [Global Precipitation 
Measurement]) campaign and the US-American and Brazilian measurement campaign 
GOAmazon (Green Ocean Amazon). Thereby, a combined approach of remote sensing 
and in situ measurements, onboard HALO as well as from supporting ground-based 
measurement sites, was conducted. 
 
The aim of the ACRIDICON mission was to investigate the emergence, development 
and properties of tropical clouds as well as their dynamic and radiative effects. The 
influence of aerosol particles on clouds and on climate was examined. Cloud 
measurements over the rainforest were contrasted to measurements over polluted or 
deforested areas. 
 
It was confirmed that clouds developing in polluted conditions contained rather small 
and thus a higher number concentration of cloud droplets, which leads to a cooling 
effect in the Earth’s radiative energy budget. Furthermore, these microphysical 
properties cause a suppression of precipitation (Wendisch et al., 2016). 
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Fig. 5: Illustration of processes in deep convective clouds over Amazonia. The effect of 
an increased CCN load is shown. (SLW: supercooled liquid water, T: temperature). 
The figure is taken from Wendisch et al. 2016. 
 
 
 
Fig. 6: Measurements of cloud droplet size distribution in warm convective clouds. 
The plots show a research flight in clean conditions (left) and in polluted conditions, 
influenced by biomass burning. The figure is taken from Wendisch et al. 2016. 
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Moreover, increased concentrations of cloud condensation nuclei (CCN) were 
observed in higher altitudes. Their origin is still under investigation. 
 
To this mission the Leipzig Institute of Meteorology contributed not only with 
measurements of the SMART instrument. Beyond that, it was responsible for the 
scientific management of this HALO campaign, together with the Max Planck Institute 
for Chemistry.  
 
 
3.4 NARVAL and NARVAL 2 
 
NARVAL (Next Generation Remote Sensing for Validation Studies) consisted of two 
parts. The first one (NARVAL-South) was performed in December 2013. The 
observational focus was on shallow convection in the trade wind region East of 
Barbados. NARVAL-North took place over the extra-tropical North Atlantic in 
January 2014. There, post-frontal regimes were investigated. 
The focus of the NARVAL instrumentation was on remote sensing of trade wind 
cumuli. A 36 GHz cloud radar and three microwave radiometers were deployed on 
HALO for cloud measurements. Height-resolved profiles of water vapor were derived 
with a differential absorption lidar. Furthermore, a mini-DOAS, dropsondes and 
SMART measured onboard HALO. 
 
This instrumentation was used for the evaluation of satellite retrievals. 11 underpasses 
of the CloudSat satellite and 22 underpasses of the SSMIS (Special Sensor Microwave 
Imager / Sounder) were flown. 
 
Cloud retrieval of cloud fraction, cloud size and liquid water path based on SMART 
measurements were used to analyze Radar observations by HAMP (Schnitt et al. 
2017). The different wavelength ranges and physical principles used by the SMART 
and HAMP, provide different retrieval sensitivities for precipitating and non-
precipitating clouds and helped to identify the detection limit of radar observations. 
The comparison of the retrieval results showed the potential of such synergetic 
analysis of multiple remote sensing instruments. 
 
The follow-up mission NARVAL 2 was performed in August 2016, also based in 
Barbados. The instrumentation was similar to NARVAL, with SMART measuring 
onboard HALO. 
Thus, the measurements of NARVAL-South, performed during the dry season were 
complemented with the NARVAL 2 data from the wet season. Hence, the statistics 
gained from NARVAL could be extended significantly. 
 
Organized convective systems were probed. The life cycle of some systems was 
observed with several consecutive flights. Both, the organization of the convection 
itself as well as the status of the ambient boundary layer was analyzed. Disentangling 
the relation between convective aggregation and boundary layer evolution is an 
important key to assess the climate sensitivity of organized convection.  
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3.5 NAWDEX 
 
The LIM took part with the SMART instrument. Research flights for NAWDEX 
(North Atlantic Waveguide and Downstream Impact Experiment) were performed in 
the Northern Atlantic region in September and October 2016. The payload was 
identical to the NARVAL 2 mission.  
 
NAWDEX was part of an international field experiment – the High Impact Weather 
(HIW) program, which was performed by an international consortium from the US, 
Canada, UK, France and Germany under the auspices of the World Meteorological 
Organization (WMO). Altogether, four research aircrafts were employed. 
 
The scientific aim of NAWDEX is to obtain a comprehensive picture of the 
thermodynamic structure of the atmosphere close to jet streams. Therefore, the impact 
of diabatic processes for the weather evolution over Europe will be quantified. For 
these investigations, midlatitude Rossby waves constitute an important component. 
Hence, NAWDEX aims at the quantification of errors in their numerical 
representation. 
 
In the frame of NAWDEX a hurricane was observed in detail on its way from the 
tropics to the midlatitudes.  
 
 
4. Outlook: CIRRUS-HL, EUREC4A and HALO-(AC)3 
 
The completed HALO missions illustrated the fascinating possibilities of this research 
platform. The high request for these measurements is illustrated by the HALO 
schedule, which shows that HALO is fully booked with scientific missions until mid-
2022. Scientists from the LIM are involved in three planned missions. 
CIRRUS-HL (Cirrus in High Latitudes) aims at the formation, lifetime, properties and 
climate impact of Arctic cirrus. Aerosol effects on cirrus will be investigated, which 
will include the influence of air traffic on cirrus. 
The observations will be performed in high northern latitudes. In these regions, 
observations of cirrus are scarce and the properties in terms of abundance, altitude, 
microphysics and radiation are expected to differ from cirrus in lower latitudes. 
Similarly, to ML-CIRRUS, the instrumentation will consist of a combination of state-
of-the-art remote sensing and in situ measurement devices. 
 
EUREC4A (Elucidating the Role of Cloud-Circulation Coupling in Climate) builds on 
the experiences and insights from NARVAL and NARVAL 2. Apart from minor 
upgrades, HALO will carry the same instrumentation as on the preceding NARVAL 
missions. The region of interest will be the tropical Atlantic, with HALO being based 
on Barbados. The measurements aim to understand the interplay between clouds, 
convection and circulation and their role in climate change. 
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Fig. 7 Planned flight patterns for EUREC4A, HALO with the remote sensing 
instrumentation will fly in higher altitudes. The French ATR-42 will fly below HALO 
and perform in situ cloud measurements. 
 
 
EUREC4A is a German-French initiative. The French aircraft ATR-42 will be 
deployed to perform in situ measurements below HALO in order to gain more detailed 
insights about cloud properties. Furthermore, measurements from several research 
ships are planned. 
 
HALO-(AC)3 (HALO – Arctic Amplification: Climate Relevant Atmospheric and 
Surface Processes and Feedback Mechanisms) will be coordinated by the LIM. The 
scientific payload will be identical to that installed on HALO during EUREC4A. 
This HALO campaign is embedded in the DFG-funded Transregional Collaborative 
Research Center SFB/TR 172, called (AC)3, which is coordinated by the LIM. The 
aim of (AC)3 is to achieve a better understanding of the Arctic warming, which 
currently occurs at an unprecedented pace and intensity. 
 
HALO-(AC)3 will give a significant contribution towards a better understanding of 
the intensive Arctic warming. Furthermore, effects of the Arctic warming on the 
weather in the midlatitudes will be examined. For this objective, air mass 
transformations during meridional transports will be observed. Thereby, 
meteorological, aerosol, and cloud properties will be measured. 
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5. Summary
HALO is a state-of-the-art research aircraft with features which are not met by many 
other research aircraft in Europe. Thus, HALO offers unique possibilities for 
atmospheric research and Earth observations. 
The LIM contributes to the instrumentation of this research platform with the SMART 
instrument. The LIM took part at five HALO campaigns – three further missions are 
planned for the coming years. The campaing locations as well as the foci of the 
missions are manifold. However, the SMART measurements proved to be a state-of-
the-art method to derive various cirrus properties. 
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